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1) INTRODUCTION

Parallel machines is a production scheduling problem that refers to the order in which machines are
placed in manufacturing plants. The parallel machines problem is a polynomial problem that becomes
NP-hard as the problem size increases [1]. This problem can be subjected to various assumptions, one
of which is the existence of divisible tasks. This means that different activities can be divided among
multiple machines, rather than requiring a single machine to perform a single task from the outset [2].
This is an important assumption that has many applications in the real world because in the real world,
we do not necessarily see one machine performing a single task completely, but rather the possibility of
dividing tasks between machines [3,4]. In the present study, an attempt is made to present a model that
covers the above assumptions. This model is a dual-objective model that seeks to both minimize the
completion time and minimize energy. The reason for considering the problem of parallel machines in
the present study is that the existence of parallel machines and their increase in number complicates
scheduling problems, and therefore leads to the introduction of new assumptions in the scheduling
problem and the need to solve it and consider existing approaches to this problem. Therefore, it is
necessary to consider the problem of parallel machines more seriously and by rejecting the existing
assumptions in this problem, given their impact on production. On the other hand, the presented model
focuses on tasks that can be divided between machines and assumes that tasks can be divided between
machines. On the other hand, the startup time depends on the sequence in parallel machines, and on the
other hand, the preparation time of tasks is also calculated separately.

2) Solution Method

The problem of parallel machines is very important in production planning because with the increase in
the number of machines, the complexity of the problem also increases, and therefore this issue must be
taken seriously and using computational algorithms, because it is not possible to calculate the results of
the development of parallel machines easily and it is necessary to use mathematical modelling and
mathematical algorithms to solve the problem. In addition, this problem naturally has its own
assumptions that can affect the process of solving the problem. In order to solve the above model, two
algorithms, NSGAII and multi-objective Gray Wolf, are used. The reason for using the NSGAII
algorithm is that this algorithm is basic and its ability and history in solving similar models such as
parallel machine scheduling models, which has been observed in previous research. Regarding the multi-
objective Gray Wolf algorithm, the ability of this algorithm to solve complex problems and generate
Pareto points is one of the important features of this algorithm. In addition, the multi-objective Gray
Wolf algorithm is among the new meta-heuristic algorithms that are used in the present study.

3) conclusion

In this study, a parallel machine scheduling model was presented with two objectives: minimizing
completion time and minimizing energy cost. Three important issues were raised in it, namely, work
division capability, sequence-dependent startup time, and job preparation time. The results show that
the two algorithms NSGAII and MOGWO are capable of solving the problem in different and large
dimensions, and the performance of the MOGWO algorithm is better than the NSGAII algorithm
overall. In addition, in terms of the three criteria of multi-objective problems, namely, the production of
Pareto points, the crowding distance, and the distance to the ideal point, a comparison was also made
between the two algorithms, which showed that in terms of the production of Pareto points, the genetic
algorithm produces more Pareto points, while the gray wolf algorithm is weaker in this respect, but is in
more favourable conditions in terms of the crowding distance and the distance to the ideal point. The
results show that both sequence-dependent time and preparation time can affect and increase both the
cost and completion time of the job, but the gray wolf algorithm has a better performance in this regard
and reduces the cost and time. It is worth noting that the ability to divide work was considered as an
important innovation in the present study, which previous studies did not pay special attention to, but
this study considered it as a real-world issue because in the real world, in parallel machines, there is
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always the possibility of dividing work between two or more machines, and it is not the case that one
machine must perform a task from start to finish.

4) ACKNOWLEDGEMENTS
The authors would like to make special thanks to the anonymous reviewers for their careful reading of
our manuscript and their relevant and useful comments that helped us improve the paper.

REFERENCES

[1] Gao, J., Sun, G. X., & Qian, T. H. (2024). Optimization of production scheduling through a multi-objective constrained
greedy model. J. Intell Manag. Decis, 3(3), 159-174.

https://doi.org/10.1016/j.cie.2021.107712

[2] Zhang, Z. (2024). Multi-objective optimization method for building energy-efficient design based on multi-agent-assisted
NSGA-II. Energy Informatics, 7(1), 1-17.

https://doi.org/10.1186/s42162-024-00394-4

[3] Mohamadifar, L., Moosavirad, S. H., & Mirhosseini, M. (2024). Application of linear programming model for optimizing
the components of combined photovoltaic and battery system. Engineering Management and Soft Computing, 10(1),
143-154. https://doi.org/10.22091/jemsc.2024.11166.1194

[4] Catanzaro, D., Pesenti, R., & Ronco, R. (2023). Job scheduling under Time-of-Use energy tariffs for sustainable
manufacturing: a survey. European Journal of Operational Research, 308(3), 1091-1109.

https://doi.org/10.1016/.ejor.2023.01.029



https://doi.org/10.1016/j.cie.2021.107712
https://doi.org/10.1186/s42162-024-00394-4
https://doi.org/10.22091/jemsc.2024.11166.1194
https://doi.org/10.1016/j.ejor.2023.01.029

O
JEMSC.QOM S R TN W((
YAYA-YSVO :‘,S,m,u ‘j LJ“E‘JJ LS/ gl K\Wj

08 o851

Clofud (5 5 3 13 b 53190 Slamile Gl ) S! 2 oo 41
S35 430 il b 5 iluoslel oy i i
rgsé.!a.!lb).\mj &'Qlélb):"qc ‘W'W
samiee.samira@yan00.Com :asbl i, .ol 1 oS 55 s ¢ godhnl 3157 ol8lisls o8 5 5 8 ol g ¢ gixis T yibe (6 5575 (5 gl )

J.rezaeian@ustmb.ac.ir :asbbl; .ol sl e bl )3l 055 5 p ke o231 (e (omtign 5 Sy ke 0dSE13 (s (dign 03,5 HL1S ¢ s oikin 55 Y

m.reza_|otfi@yah00.com :asbll, .o 1 cosS 55 ¢ Dkl 13T o8l oS 55,5 donl (s (pontige 03,8 bkl ¥

oS> Wlio Sl

3

OT )5 Cwenll Coltal ) ;51 Sl My L5\.&‘,.:_...:_.» 23 Flws 5l sl piile g u0be s dlas 1dllae EY

4 5a Ll e 5054 (HuOb) 4 3 gdome Coldal i oyl o guas 53 AL e IS ploit Olej ol Jolde .
VEF/Y A L8 50 S b

VEF/ 0/ F 16 553 F b
VOV g 6

RS 53 b (S 3lsm Sl dle AuOlej (s Je & (G al 3 355 Jolis 1) (5551 454 dha |
w38 5,8 plesl Olej Lo il sty (53LaesleT Ol 5 15 & &l (516100 el B Lol
58 Jo MOGWO 5 NSGAIN 42581 53 b o b | b sk 53 Juke 1t s 8 1 65 51
Ll 31 on 5035 NSGAIN 125 Sl 4 o (5 262 3,ee 51515 MOGWO (o2, SJ1 87 sl LS gl

Ll oo gilwosleT Olej . Cnladl Cows (5 2 B 4wl el bl ) Coda 61}5 polie o jlaads’

VE P a7 ST & 56

545 s €1 (52 4 NSGAI V.:J_del Solgys b I8 5t L8 plsl Ol o s VO 5l i b sbaodle ()8l b V—'wf\”
T L T P B R s

855

Sl L g5lwes T Ol (e Ji5 el 3] OI.;J?JEJ)J L slsn sl omile (cunile gl Joto 4150 (VF+F) LOLIKn 5 1 o ¢ rvonw 28kl
https://doi.org/10.22091/jemsc.2025.12352.1256 Ad-Y % : e (Y) 11 o, 95 o AL 5 g o e (S5 P 45

.(\F'F)Ob&dﬁjw© V.Eali.f.ﬂ::filj



mailto:samiee.samira@yahoo.com
mailto:j.rezaeian@ustmb.ac.ir
mailto:m.reza_lotfi@yahoo.com
https://orcid.org/0009-0006-9514-4681
https://orcid.org/0000-0003-4538-0126
https://orcid.org/0000-0002-1601-4496

donio (!
S5 Glaals )18 )3 ST ile 05 8513 o a0, Lal oS Sl A 5 (sinole o3 s 5K (53130 (o ble
4T s »> NP hard Ji.; 4 s slal (20531 L &S Col glabem i filus & S silee slaoile divs L5505
SlolBl 5 2 5 Sl g e ol 51 SS 3,8 515 ilidee Sl g e 5 pmeys Bl 5 oo s ool (V1 TP 5 5E)
S og 4S04 5 5 omeds Calibue SVTnble o Wl 5 oo Catlibes (SLaEIlab o7 Cslins Ol ) sl s 18
ol 32518 88l Olgr 93 4 ol gmgn 53 ol (Y YFESIIS) s plowi iz 51 JolS )y shas 1) LIS G ¢ eble
o&,.\&pa;tw&\s,j@\,,l{&wuag6M5yyd14ﬁuuj;@§|,o%ﬁmﬁwu
(YR 5 65 315 3 m 5 ST ile o )8 s

Olej ol (I 4 aaly (5Iely il = Jlas L5 00 5150 Slagedle GO} 53 &S a3 ¢ 9d s
ol 15 4y (31lely ol bl go (g 3I0lol 5 a5 YT bl o7 3,05 45l s o Lad ¢ JI 5 o a2l s (53100061
JS 05 el cpl g oo 30 3515 0l 4 A5 Olej ol ol (Y2 YY1, 00 5 5,1 5EI) 5,05  Sauw lal8”
Ol 3l s gilwesleT Ole 487 ol opl (g5lwosleT Ol o s 55 (gbns 3530 355 dlons c,:su;aii(l?a\
a8 cQ‘Yij’b Sl o ST oy sem il a3yl LIS éii SolwasleT a4y o Lal § ol Sl a4 sty il
Ll 3 55 gn aclomn 5187 a3l Oloj (L s pin onl b Calgiys S o L1 S Ol5 4 cnl 5 0kd (53lwesleT il 35
L 85 VT le ol Cmal il 55 (6550 a5 s (60 Jolown 4k S LIS L3 0o & 3 5ukome § 5 50
S S5 ol claolans 038 b el 5 phgy Ola p3 (g o 555 o0 43 dpadin ($5 51 0nl 5 ST p 5 e
il e (§3lm Slagpble (SAuOle) s 53 WIS oo oS (5,3 Cda by (Y TPOLSGs 5 5) 545 e
el (5 A1 L Jil

Col @4 53 Jubo S5 ke ol ks 2l 1) B8 Dl jae 47 55 &il)) o 0358 0 A bl Gudions 53
Sl gpile a3 8 55 e il o (6551 L Jil Jisa a5 5187 plast Ol s L Jildo JLise oa oS
GOl Flas Sdomy ol T slaws (21330 5 65000 Slamdle 3505 6 Canl ol bl Guios )3 (5150
s 13 Sa) 3,5 s 5 0T o a 5b 5 uobe) alis 3 s Dl i OLiz ke Lol ) 5355 o
S sk iyl W5 Low 53 &5 (6,50 4 e 5 L (5510 lagdle alias ol 05V 1l 3 5 o dlis ol 5o
5,8 S e 5 35 g0 sl 53 3 g0 Dlbg ke 588 Biys

o ol 4 e e 18 cpl 1y 2 s el ST e el BB LISy S et ol Je
S gods 4 S i 55 (5lm slacpile 53 (I 4l y (531011 Ole ¢ &S5 1 il oo o b5 ST il
GOl 6l Jhe Sy Jisay Gie OLL 5 .5 58 oo demlbous BT ol by (g5luesleT Ol s (5o
L il slatass (5LueslaT Oloj 5 (5 4 dml s (5310001 ¢ B DLalBl 3 8 i3 )3 L (53150 slacpbile
it 53 S Ll Dol bl e sl L3l e Ol ST ST 55 (6551 4y 5a 5 IS pladl 0L



’Ft"cr‘vuc”ajj.)‘raf'ub'ébjw.l.'fadﬁﬂ.u q.

rl}u\ QLLiLA‘)T Lg)L“m’\:‘. 9 J:Joﬁjstifﬁ; QT )\ o )}.&dﬂ 42"‘3_;{ Jds 69_,*.4 A ol 45‘)\ CJL:::‘ 294 S

. o < . . o
2 50 g (S S et gl )3 5 el

Olas! 5950 (Y
52500 w3135 GGl Glageile GOk (Siluang w3 eddpll Dlidod ST o) 5 & (A3 opl 52
Gl 5 ey Doty (Sl ptoman 13,8 o0 )3 L 3 50 Dlalllas ol 55 43 ), gl sy 5 oldal
@uut{.xg}:&,\;{;,u;@u%va)o\,m)o},.»f@uu;ﬁyéu&&;m}:ﬁwtt,_;;l,,zu
5883 L35 1 G slaay a5 A5 0)55 S Sl oS 5 et S 5wl cpile 5 Ol 4 dils &
Golwang 3,505 53 5 Lz ls  y gmeiile (65,51 St Covi (55l slamile uuOle) 4 5 (Y410) O,
33 S wyply el sl 8 5o w5 T Gauibe dis (Y418) OLKen 5 50618 .05 ST 5 ma |
B 03,8 iy L 3 el (3le slasedle (sum0le; (T219) 0L Kea 5 J isls 811 1 Sluad s
or 4 (YOI 0L 5 6K L5 S &l (giludng 6l p 1) oikises L;uv;wiu 5 K58 andlas (65,0
38 aglie |y Caliien ladie s 5 Lt ls 1 (655155 (g g db o (S 51l b 6y o slaol,1ST suu0le
..u;\m\,ltg,'u%@ﬁ,\i.\?@;w@jw;wub&;géu@;u&u{ou;M(Mﬂ)o\,@j
S isls OLEs 5 wmtls (Gl g0 Glacnile GOl 53 (6551 4w a (SiluaneS 4 (Y1) OLKes 5 0 57
GOl iluang 4 (YY) 0L 5 550l cdas JhalS 1) bayja Lls o Lol Sl ok o5 5 Lasys
GuObe ) Al (Y4 Y)) 01,0 5 5la .5 S 1yl (g Je g Azt ls b (glalys gitous b Lad ol (sla uisle
L;j,?\)'lsalfT(Y'Y\)Qb&mjjj..\}:;_s%OTJ:—L;\jrq)}gl):)o:;w)ﬁbomcjjLg\.mlf)lf
L;mﬁ,,y(mv)a\,&.ﬁ,;..\;mW,:Am.u?dm&jm;rww\y Glaomile sanile s,
5 0bej (Sileangr Sl (e (YY) 0LSn 5 85 037 slizal (65,31 3 pme 5 b 2alS (gl 5 pomnts o5
4 (Y+YY) ()\)&AAJ O Ll s y0s S e :J,gl‘.p NSGA-II {":’Jﬁ‘ &S sls olis @\:.}j Ll Byl g5 50 au e
OLen 5 Y s S ) (lwang sl w:.:)}@\}csb,; gl ety s guoee 5 L] @)UQLAJK‘SJ;{QB}
s s (YY) 0L 5 5,050l ks S o Calises (sl 5, 5l enlizal b 1y )8 gl aliws (Y4YY)
555053 Slaslcdllie ol 53 (YY) O 5 5, 5B dstls 5 (65 51 o pke 55 (Jad Guobe p giee (glasd a5
O Hlws 5 Olaioes 4 gyl 1)l cardllae ol Codn (Cslods oy (6551 (b a0 S Jad (g Au0le )
A5 55 les Gas )8 st i 5§ 5 50 35 5003 G S g oo ) LT il g0 ST
T 53 S 0L (g)lse sla il 53 a8 (guuOle alius s cpl 53 (Y0 YF) 0L 5 J .S slaaly Hlul
elodd () 5 2 Al 3y Olajen sk lge Galysgdons 5 Ol 5 ST (5 e Slaly s gioes
e Sl s (55 54l s S s o (6l sda Ol Jolin JS 551 Ol 1S T ay (o
,L,w.Uﬁ;QuwljlcsfcwwwmL;uu:,)gﬂwpwu‘ﬁ}wtau;%ujbwuﬂmu



a9 Gl au g ialS b g slweslsT Ols o Q&/ﬁ/&éﬁﬁb: L silse sla il (cdoOlos (sl Jodo <2y)

‘v-“w)i“ b 4y i Lol ani (GAS) K55 @Aﬂui“ 23 5 eddoolgiin oy e pl posdle ST
bl &K o g S S s gl lg e b GLGA S das e Ol (Galgiin e o) >
Cils 457 ol (Gl o 8L ¢ Gaions ) Cocn (Y4 YF) 01,8008 5 6 55 058 e g kS b ol el
Ales odidy b alis 3 S5 55 5l oalinal b ela e 51 (S5 )3 555 55 JisJa gl 55 1) Jaw Oloj 5 0ts b
oy N eslizal b Jomoly (8L 5 s sue il &S Sl eslizal b e ol kil 3> 4 (MOTSP) wbusti
S dadkin Jde ¢S5 andllas ol s (Y0 YF) O 5 58 .clods (g 5Lud s NSGA-I (.;win &l b
1 Oley op b oS Ol (s s ST Oolual 05 S dslae b (a0l (6 5lwaigs sl 5 &S Cnlods
desles (gl Cl:- 4oy g Sl Jelse Julid (oalgiin 5 S0, ol T AL o e P B BT oy
st g o0l 51l gl bcmlods Jo NSGA-IL iy 5l eslizul b a8 ol 5 Shas 53 Sl ol
ol Slle Sogh 5 Jpamn oS O $5,5 05K IS a0 03 ot S BB S iy 4 54
e (8 ol 5 sk 45 das o dres 55 1) NSGA-IT absle ks o (6 jlams <K andllan ol (Y2 YF) K15 558
5 b5, Calods b (6551 5 mae b Ol b 53 YU slal b ddadis (giluatg sbo Wl s
G258 6,50 Gk 5 il (Sl el GOl diee 53 (6551 ST Sileang 4 (Y0T0) OLKes
32z Ol L 65lse ceble 50l sl 1 05550 @55 3 33T e &G Y YDOLISn Sil5 s oo

Slodl 390 .) Jou

obj el fSlus> ol
Silslely G S iwoskeT
G195 4 4ly
L, G auin by a0l ¢5leace 2013 PYerYS
il 5 Ol 4 el OllCon
. y S (6310 Slarile S0k 2015 §Kyd
Sl §5 5 e Ol
. . 93 M5 T (4500 alime 2016 9 3Bl
b glawls S Olyen
L1y ol (g5l glaopile (gduiles 2016 3.
! ! A9 b o8 8 s OllKon
L, L, b gl mp 1ol 15 ctiitle) oo 2018 PREN
S35 33 g o (51l Olon
, L, 5SS G mble Gnile dlius 2019 90w
OHKon
y . 0l 53 (65 51 4 (8 5lutiaS 2019 3Py &
Silge sgmile OlyKon
, , b Lo ol sl edile (50l (65l 2021 9 398Ls”
PR TGRSR OlCon
, b Lol sunole) dline 2021 9old
OlCon
L, L, L, 0l 53 350 5 AET plesl 2021 995
Silse slasile Olen




lF'F;hju;HUjura/‘w:‘gbjwwc.ﬁﬂw Y

Sl oty 5 (5103 S5 5 3l elized 2022 955
! ’ S5 B 5 L S Ollen
S, . a3 5 0l s ldings s ke @1 2022 995
s Ollen
L, 5Ll g, b Sl g0k 2022 9 Ol
@l;,a Gy sdoue OHCon
Sleslizal b1 58 guole) dis 2023 9.8y
Y calies gla b, O)en
y s GOl p e Lk xS o 2023 9 95150k
S ke )3 OllCon
Gl pile 55 Sl (cuuOle ) s 2024 9
! Y LS 5lse Ollen
Cdlue ol Joldm b digs s 5L 2024 9655
v sy 531y a0l 5 ods b Ollen
JEsde
Silaig 51 Sdadiz Jue &5 5 a0 2024 9 9
SS e Cslial 05,8 Usleze b (stisOla OlCon
’ Olej 72658 Sl (055 Jamais
Sl
abole L L (g lens & a5 2024 &S5
v v v S Ca e sl NSGA-II
etz (g5luang gla Ml
s 53 551 2T St YiY0 9 by
v v Gib 31 s b 3l il b0l RIBIIVYY
B 8 S (v+¥o)
&lr 0550 qig 3 LT de 5 Y Y0 9 <SM3
v v il 03 b (65l se mdile (sauOle OlCon
w2
Slaoile Gun0le) sl Juts 41| ol G
v v v v v (e B el 3 8 5y L (sl e

S T 5leesleT 0L

o )JL:LSJ.‘}J L;Ubu:.&\.a L_sv\.ddl.ﬁ) 6‘_/.1 uj.\.aﬂ\fb}&u.a odalin ) djv\q—)av\.ﬁarl?u" C)L:JJ\ BE3% u’L‘"‘J’
5 I @ amaly g5llely Ol g ilwesleT Oloj il g ie O;ajf,u;ﬁpwwtsM\ Ol 5 65 4
j\}osﬁg'\'éjdlfjsyféb&béSsj!bsf)é&:bd q&;%@\j\jmm pyep LAJKMC,.:L'G

sl L;))T_,decﬁ,.@q-dl

by Jowo (¥
S oy YT ptle slad 21551 L oS o Sl (65l Canl (6115 A 5 (55501 53 (5150 Sla e Als
s o5 a8 8 555 Slle slagz 5 S 51 oslizal b 5 o sk g gsge cpl bl W 5 4Bl Sl 531 55 alin
3ledis Sl 03 50355 e S olets 65150 Slacpile ar g 3l ol 2 alows OIS ol s



ay Gl au g ialS b g slweslsT Ols ‘f,:.“ifuéli Q&/ﬁ/&éﬁﬁb: L silse sla il (cdoOlos (sl Jodo <2y)

Gl b gl alies opl Sl es 0,8 15 oslinul 3) 90 s Jo gl by ‘5ur;i,j§n, by
5L IS Sl alis o dig)y p Ll 0 45 ABL e 55 ol Sl e

555 &5 4 ple fBlae JLisa 57l (3150 (sladle o) 55 L Jis K Tl bl Guiow
2 IS s OISal o2 47 5315 5 o (3150 ble (9315 4y e ) s AL o IS ST Ole L Jil
e 3,03 3505 OT 53 baylS (giluaslel Ole) 5 I & amusly 5I0lely Olej 50 5 azils 5405 (5150 (Sla puiile
Iy e Sl ae 503,8 JLin 1y 558 de Colal & dil o Jos sddadir 5L (65540l e &S5 coisas] |
:C.,...»\J.LSC,&gd#&b,ﬁ.%\}élddj\yduybﬁ.ﬁq

ol oy g3k Jda =)

Cslods a3 8 L5 53 b g de ge b8 (gl =Y

los a3 & L35 3 g a0 atly 31000, 0Ly =Y

313353 5 g ilwesleT Ol LIS gl =¥

Wl (G551 Do pe a3l (g lwesleT gl S a -0

el 8551 e o35 ¢ 213 gl L8 -7

AL gn s 00 e iy 58 055 8 > =Y
Bl 5 Sl | N
laopdle IS sluws
Waoy 95 slday L
i, S e Q;
1,5 g e o d;
18 5 dly oK a5l 0l 4
WS &S dile 65 2] LI 2513 sl g5l Ol Siy
Sslos ST a5l 1,1
K omile )1 (giluesleT 0l SSik
S oedle a0 S b sl piY Sl Ol Soj
e gy I O3
i, 5,8 55l Z;
K omile g5y 21, eSS 0l Cix
s Sl K pile 59y 4451, e ik
less2 53 S350 oo 4y 5o E
loys5dsb T
K omile 1 )8 o515 6550 o pmae Ol jae ECy
K oile 51 ) (g5lwesleT (g5 51 o e O e ECSy,
oSS 05 a3l 5555 b sae cuB




1FeF Y o laiic)) a)jﬁ‘rﬁf'w@'éb}w.l.'{.ﬂdﬁﬁ.u

a¥

o S o

ﬁ,\;p&j\;ﬁk@;ud,,i,\f,'tmj,lfﬁ Xijk
Ao oyl pE

Sapoin) b 533 25 el K pble 5, LI S Xoji

e

535 LK il g9, )8 o #1j L8 S Kok
St Dy 50 )

,U\;pfl,.mlUﬁ,;i,Lru:;uﬁwa\ W
Ao o gt

251 358 bt o535 1,18 (5luosleT 51 e Vi
Ao Sy poinl g

Fosss 53K opdle (65,1 ) 351 Ol St 31 e Ui

oK opile (6951 5 (G3luoslaT Ol Doe 31 e Vi

|o))>

N
2.7
i=1

M)

i=1

N
> B (BCuUa + ECSuYiua)

()

Ll (B a5 ) aua sl BBl s B g dlal

M
Z qik = Qi
k=1

)

wljgdfvbu‘ewwéﬁ%b

M
Qi < [z Xik]CUB
=1

()

st el ol SIS 0T 3l 4 48 glapable sl 163 5 o il das e 0L G

""’Jfgj"

N
injk <1
i=0

®)

5 o il edle $S5 (55 2 I K L S s e O G i



10 S 4 ialS L g jlwesls Toles cf.:w.i:wb" &La/ﬁ/g:éﬂ)) L silse slo il (cdoOlos sl o i1y

*)

N N
ZXihk _ZXhik =0
i=0 i=0

[Xijk - 1]CUB + Ciy + Sij + Qi * i V)
< Ci

3513 5 0 S8 A JooSS e dmloes 4y 5 b oyl

Cik - di S Zi (/\)

S gp a3 5 03 525 A g0 4 eSS 0l e (G55 Doty 5 i

«)

Z Uiki = XojkDi
X

il e pile ¢S5 4 Calises (glaey 93 53 5515 Calztes eSS anads Jlisa G5 abal

()
z Yi = oijSik
k

cdSb e oeile G 4 Calises glaoy 93 3 (g ilwesleT Calises (gladSS s Jlisa G g il

Ay

Z(Uikl + YY) <T,
i

ST 55l 093 OT Jsb 5l o555 55 JUdl Ol e s oo O G 8 sl

3 eslial Sl 345 o e3lital a6 S 8 F s NSGAI 02, 81 55 51 G b Jke o shatesy
Sladie i alie sladde Jo 3 02 S ol a5 U5 5 02, S al 035 2l (NSGAIL o2, S
£ r“auf\“ P e 33 alodd odalie OT 4ged by Slidos 53 &5 dil oo (65150 Glapdle (b0l
2SI ol e US55 51 L BlE g s ey Bl Jo 3 020 S ol Ul et (5 S
Gt 53 &S Ll o (5,1 L &‘Afwﬁ‘ o) 53 Bladkir ¢ fuS S F VHJ}Q‘ Sl o i o
3,8 o 5 eslinul 3550 Sl

ot s ST i 22l p5ans S WS (I slap, S s p3ses,S S o
Sl o g ges S 4 ged 3 g ealital 2SSl gy | gl OT (Siluangs 81 10 5 03 SOk

v e s oy v o e [ ]




’F'Férajla..«fl‘”ajjééf/'&'éb}ng:ﬂjjJﬂ LV4

(’)jﬁ};d‘)bt-@j)‘%}°~'\-3v::*“j6}9(’)}‘};)3qu(‘b”“-*::jg‘{};‘@°"\”u;‘4§4‘j§’u
b oo i p i S JSE 5 88 Sype B iz S 53 S bl SGSS 5 i b s e 1SS
Al B e p35 505, i SO oS oo @l 3 JSCE 3 o ol e

v e ow oy v e e o [y e

elis § oy sl 055055 53 i Jos cpl e 5 ok ol B 05 93 555 0 odalie oS 4 Soles

Gons b (F
slal Julis o7 ladles (Sl bejT glwesls S i D gl oo 41> Sl ;T giluesls Sl g4 525 4y aalsl s

s or (Bre il g0 Al

Ao Sl N oo

1 1 5 1
1 2 10 2
2 3 15 3
2 4 20 4
3 5 25 5
3 6 30 6
4 7 35 7
4 8 40 8
5 9 45 9
5 10 50 10
6 11 55 11
6 12 60 12
7 13 65 13
7 14 70 14
8 15 75 15
8 16 80 16
9 17 85 17
9 18 90 18
10 19 95 19
10 20 100 20

s Oolutal el &7 o gl 5 455t 3 bJts Jo s MOGWO 5 NSGAII o2, S 55 szl L aalsl >

WLlods 1) i3 J gk 55 4 L33 S oo el o by ol 51 5 05 5801 5 ook gl SOuSS L ekt oo



S 4 ialS L g jlwesls Toles cf.:w.éwb" &u/ﬁ/yﬂ;) L silse slo il (cdoOlos sl o i1y

Sloa! Ja H e 5o dwlio .Y Jo

z z
MOGWO (2, 5 5| NSGAII o2 5 5| e
dloes 0o “ie ol e Oloj “ie ol
10 25938576 564823 10 29015173 453255 1
18 30541578 733461 17 32008390 595453 2
23 35307389 842373 25 35253084 731670 3
31 38003422 1017901 30 38545874 868443 4
40 40404662 1194659 35 41312650 1006795 5
45 43615026 1331067 43 44990105 1182993 6
51 45812203 1473059 51 47559639 1375627 7
60 49977976 1624177 57 50784009 1536698 8
65 54802869 1740584 62 54873805 1691560 9
7 57170588 1889919 67 57170588 1889919 10
79 59298079 2013302 77 59683221 2082296 1
89 62030475 2206567 86 62177161 2183009 12
95 64593136 2371659 96 66624010 2327222 13
104 67425103 2516824 106 71575106 2519905 14
111 69569421 2679168 m 75861125 2719591 15
117 72084179 2808855 119 80673370 2871890 16
125 75031796 2916659 128 84625660 3034037 17
130 77450480 3060856 136 89368196 3196895 18
139 81517331 3200577 144 94149786 3341894 19
147 85494017 3353673 149 96671844 3531308 20

4000000
3500000
3000000
2500000
2000000 /
1500000
1000000

500000

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

a— NSGAI & S MOGWO gy &I

(a2 3951 I L3 Oolo ) duglio .1 S5




’f'F;raju"’ajjézr/'w@'ébjwwg'::j.u A

m,@ﬂjﬁéu&gué@oujmL;\,:|,6;Jou;‘6,~“§\>~¢?fﬁ,,§ﬂm@ow\ IS aoms
120000000
100000000
80000000
60000000

40000000

20000000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

e NSGAIl g ) S e MOGWO 2y 5K
B gl (w8551 42 3 dwglie Y SO

NSGAIN 45 Sl 4y o (5 2S5 8 8 02, S 61 o558 o (65,51 4 38 35 0 stalin Y JSCs s

e e T é 5 - - .
A g 0Ly i 51 6 g (2T o) oSNl g wils 13 (6 e Camds 52

160
140
120
100
80
60
40

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

— NSGAI sy Sl e MOGWO a3y 55

(a2 395 oy dunslomn Oolo ) dug o ¥ IS



a4 S 4 ialS L g jlwesls Toles ‘f’:“"'i’w[; &La/ﬁ/g:éﬂ)) L silse slo il (cdoOlos sl o i1y

NSGAII rzwiu & e a6 1S 88 o) S (6l dnlons Ole 3 55 0 oalin ¥ S )

& o S > Shae 7S 8 F s S clagny S el slne e g Olgiea 1 5 Sl gy (S
Zlosls 0Les NSGAIT 4, S

355 o 513y dmdiar Pils (slalna 5 51 Uagn 5 S0 i 4y 0Bt ol 5 51 Lngezy ) S0 g e 31 oy

lds & &y g aulin pl b3 Jgde s

Boawz Plwo Sbolro 1 5 et 5901 dwlio . ¥ Jgue

MOGWO NSGAII
dold akd B ol Bk slows alold i b ol L& sloxs .
3] JTows! $ob CZ 3] JTown! $b e
31 0.755152 20 32 0.758337 20 1
36 0.758662 20 34 0.75851 20 2
40 0.759828 19 36 0.771525 19 3
40 0.764406 19 39 0.774665 18 4
40 0.773624 18 40 0.778276 17 5
42 0.777247 16 48 0.806669 17 6
44 0.806551 16 50 0.811767 17 7
51 0.82463 15 53 0.812005 16 8
61 0.827953 14 56 0.821335 14 9
62 0.844697 13 58 0.833695 14 10
64 0.846749 11 67 0.839023 13 11
66 0.846897 11 71 0.865911 12 12
69 0.859432 10 74 0.866989 10 13
69 0.87298 9 75 0.868879 10 14
77 0.882508 8 76 0.872057 9 15
79 0.892565 7 79 0.879103 9 16
81 0.904055 7 87 0.8896 8 17
82 0.915865 7 88 0.893709 6 18
86 0.930103 5 89 0.940854 5 19
89 0.931659 4 90 0.945353 5 20




’F'férajué”aj}.}‘ff'uiféb}wqujgvu Voo

20

18

1

)]

1

>

1

N

1

o N B~ O 00 O

10 11 12 13 14 15 16 17 18 19 20

B NSGAIll mMOGWO

950k Bl adgi 5 31 (e 191 duglin £ TS

)Jb‘@‘wlﬁd&\sﬁ)ﬁ‘)bﬁ‘5‘}})‘1L&J‘M‘MQM}WLJ};‘@ e.\.AL&.aFJi.ZJJ

)3 (6 e 2T a5l 51 das oo DS ol o il ST 5 (6 2y (550 BE NSGAI (2, 81 ¢ yares

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

o

)03 5t TS S A 5 (6 ph 550k BB oS s S a1

7 8 9 10 11 12 13 14 15 16 17 18 19 20

H NSGAIIl = MOGWO

JToos! alai 6 alold a5 31 b gis 39l duslio .0 JSCb



KR ‘;J//ujamﬂ(bdjlma;u/u[y4 &Ll ul,a/.,u/‘fs;fbj;Lc;j/jac;baw[ad@ulajd/jd,uab

J’;.Il.::4.>_-J,Aje.>_yu.a...eLg)L:’u)\.a.Gfd-"eu\i‘MUWULM&M}Q%L:J}Q@GMWQJgﬁ)b
b Aol & ¢ 2S5 8 o, SIS 0I5 or ¢ gommn 3 Tunlaily 2l ol a8 ST KOl 555 00
C,w-"D}WWKC}J}Ad‘mdbjbjwkwbéﬂd.rcu\i‘%

9 10 11 12 13 14 15 16 17 18 19 20

90

8

o

~
o

D
o

5

o

4

o

3

o

2

o

1

o

o

B NSGAIIl mMOGWO
O Aol S 31 Ly 5951 duglio 1 s
,Mfiﬁ;,\;L;,:@J_@lﬁg@uajlw&,ﬁj‘gﬂugfﬁ,ﬁ|45@7\,_,;ol;uﬁ?‘}i.:)s
u.wjﬂQM\J\)).@‘JSJ{U.@W@|JJNSGA“ r:;__‘)jiﬂﬁ |..:U}ob‘)j_|’¢m34{‘_;,l‘»§‘56\>:j|w& C}w

43‘)‘ @\L’J U'l‘ J‘.’.J dj.-\:- DL J}:ﬂ@ 4:>-|bﬁ Lhr.’.'.:‘))i“ )‘ J&\:— @\b B L.S“-’S 4 4:.“.;‘) 6)‘-\.1‘0‘) QL‘) Jj‘

Cwlods Jf
iz 9801 3 ol guli » Jgh 4 diusls S3I000y Olo) 1 owy g & Jav
MOGWO (i 5591 NSGAII i 5591 Silwitels olo
4 » oboj B ol Sy 4 Luly
59298079 2013302 59683221 2082296 0%
60396469 2183122 61430201 2262643 10%
62962106 2476339 64984260 2632231 20%
67111626 2958319 70390499 3103651 30%
72493995 3578043 77500114 3747023 40%
79558825 4353930 86388007 4586089 50%




’F'f(rajla..‘flé”aj})‘ff'uﬁ;éb}‘fqujgvu VoY

5000000
4500000
4000000
3500000

3000000
2500000
2000000
1500000
1000000
500000
0

0% 10% 20% 30% 40% 50%

B NSGAIl a5 W MOGWO i,y Sl

Oboj o gas 1 bai 191 31 Lol gl » JNe5 4 dwly Giluslely Olo) 1 wy g ¥ IS

gfﬁ,ﬁwurx@you;&wup S5 4 aealy 3I0lely Oloj 457 355 oo oualin V S5 5s
ﬁ,)ﬂ1wu1jé!,§4{M‘,ng\x\ol,ou;;.fo@@l;d)n\;al,\upp@‘).s;%dl@@ﬁu
Al or Cewd Flie Gl 4 (s fuS 2 5 F

90000000

80000000

70000000
60000000
50000000
40000000
30000000
20000000
10000000

0

0% 10% 20% 30% 40% 50%

B NSGAIl &) W MOGWO a5

Gy b g3 i 1991 3 ol gl p Jgi 4 4y G300y Ol ST sy A <5



\EAs S 4 ialS L g jlwesls Toles 4,,““..&“",45 Q&/ﬁ/&éﬂ); L silse sla il (cdoOlos (sl Jodo <2y)

ﬁ)}is‘ Lol das UJ.{JJQ‘ ‘)WL}'{HJA ..\.:‘ju.o Jl‘,:mmb L;)‘J.Job QL&) J}QGA oMUmAJgi)b
33 ijarg)jill Q.iig;.éf(_)l‘,}u.o ol s e Ol 6 g :ng..;:« sP e cpl ys & S - df)f

Lol Mg a anly g 5Ilely Oley il 31 o st 55 (6 g Cursd g

Bk 1981 3 bol> @b ¢ Siwodkl G F1 gwyyp .0 Jooa

MOGWO i3 59531 NSGAII s 5951 _
SilwodkT Bk
e ol 4 B cloj

59298079 2013302 59683221 2082296 0%

60964866 2210464 61645053 2265789 10%

64199856 2602904 65483362 2609446 20%

68564492 3148284 71235724 3086969 30%

74291900 3862792 78263001 3666356 40%

81501852 4730849 86567855 4365965 50%
5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000
500000
0

0% 10% 20% 30% 40% 50%

B NSGAIl &) B MOGWO i,y Sl
Ol o gas 30 e 5931 3l Lol> @w}g@}uoalﬂ obo) j! ey A Uy
Ll sl 1831 s VO 51 s B 7 pladl Ol Ly L5 e (53luosleT Ol 355 oo sctalie & IS5 s

RV P PR P 1



JF'FJUL,.J‘Haj}:cf/'uﬁg'éb}wwcfjg# \oF

90000000

80000000
70000000
60000000
50000000
40000000
30000000
20000000
10000000

0

0% 10% 20% 30% 40% 50%

B NSGAIl 2,551 B MOGWO i) S

3 o gas 30 Bpi 3e8l I ol s p (GilwodkT Ol 1wy Ve IS

I e 505 S 4wl g sl (6 ST 88 s i 51485 S edalie Ol e Ve S8 ol

o 3o o3 YF Oln B g 5 BB Olsm 025 3801l a5 IS 30 06 5lwesloT O

S (O
5w p e il 5 pladl Oles ol Bl s 53 L (315m (slandle (b0l Juke &5 Giios (nl 5
aT)gu,lfL;,'LmuTou;h;b:gwiﬂgwhbouju\fﬁmﬁquﬁ‘..e.a&,;fmS.g.sjf‘c\)!
03568 55 slal 5 Calibes slayl 53 alis > 4 536 MOGWO 5 NSGAII ﬁ,;nﬁm@ OLES oS A - o
S8 slajbae S5 514l e il o NSGAIL o205 8151 2gs ¢ gome 55 MOGWO (2, K1 5 Shes o5
S el 05 S 53 o aslie 5 Ty a6 ahols 5 ol jl kol il b A 5 oy blakir fil
S 85 ooy SISl 53 S o 5 (s i 550k bl G5 o, S ek bl A 5 s 51l ol
Syl 503 g poglae Lyl 5 s JTol) abais b dlools 5 ol 3l dhools L5 31 ol ol 5 nnds ¢ 5 ol

c.,abjsrwou,'M,@P@w;@}sﬁsjuuumw,J}:a{wuoujaa@owe_u
‘;&Kal{j42.«:".36%)&&}&@‘)36}«5@dfjfﬁ)}g‘b‘“.’ﬁué")OT}OJ‘JJ‘}J;U
A 53 ol Gai )3 g (65T 5 S5 Olsiea IS s CbB oS ol pl S5 LB 4SS 55 g0 0o 5 4 e
w55 5550 1) OT (85 Olgar dliens &G Ol iy Gaiios | Ll Azl ool a5 0T @ oo Sl &5 i 4 S
skl 5 sl sy eble din b 53 o IS s OISl o] e (51 gm (slaaile 53 ¢ Rl (sis 53 15 0 13
as plowt 55 b 1 LIS S Ll B nl 31 ble oSG 8T S

sy il Gl a8 ol 55 oz ol Jlasl BB Ol il Jy 66,1 55 ol G ks

L;,'L,.o;umu;,@\}:@M\,djn.ulol,oujye_iijl.;;@c),y@\yéu@;uw,sw)mb



Vo0 S 4 ialS L g jlwesls Tol cf,:w.éw[a" Quw/yjfjﬁ;; L silse slo il (cdoOlos sl o i1y

Gl Jila Ol e glaazdesil (S 505 Sam 5l 5 03 Ol pde ax 55 5y 4e 5,187 oyl W5 e 53 Wyl
W3 8 5 a0 il G Jde 534S ol ST ile (6551 9 e

L8 55,5 oo 5,8 0 513 gl 3530 05 3= ] 53 Dl o frmg Coeg Sliiond b g e a5
5 58 G )l Sl ol s b Lalul &7 5505 5 oo Jiig fem Oloj 28l (6l digy mmns oL 4 (Y1 YF)
s 45 5505 5 0 Ol o 28U ST 5 Oy Lamads Olal 03,5 Uslate b guuOle) (5ludng 4 (Y4 YF) O, Ses
Slostlo b 53 6551 O3 e 2alS 4 (Y YF) 0,8 5 &I5 Gl Bl ool ke bl Giiond )3 s
w5 (Y¥0) 0L 5 JU 5, o ool dslie BB ol G b (6551 5 jeme L2alS Lo 51 a8 5305, 0
G S oL Sl 3,05 Coglie Ll Gaims b a5 ol 5148 3305 0 o (65050 mile GO} alime 3 (5551 (S luaings
pode dlien OT 534S L3153 o (3150 Ceble (Sinile 4 3 (VYD) O, 5 U5 Goiond -3 48 b 3liel 3 55
I a4 (63 0 95 Sl ol STl 55 AiL s o Jlas oalsd

50315 dn 5 5 Sl Gl (e (g fnd g gk et 5 eble (S50 03531 b il o ST oo

b s o s ol js g el b Ju &

&bo

Abikarram, J. B., McConky, K., & Proano, R. (2019). Energy cost minimization for unrelated parallel machine scheduling
under real time and demand charge pricing. Journal of cleaner production, 208, 232-242.
https://doi.org/10.1016/].jclepro.2018.10.048

Al-Harkan, I. M., & Qamhan, A. A. (2019). Optimize unrelated parallel machines scheduling problems with multiple limited
additional resources, sequence-dependent setup times and release date constraints. IEEE Access, 7, 171533-171547.
https://doi.org/10.1109/ACCESS.2019.2955975

Al-Harkan, I. M., Qamhan, A. A., Badwelan, A., Alsamhan, A., & Hidri, L. (2021). Modified Harmony Search Algorithm for
Resource-Constrained Parallel Machine Scheduling Problem with Release Dates and Sequence-Dependent Setup
Times. Processes, 9(4), 654. https://doi.org/10.3390/pr9040654

Bernal, C. P., Salido, M. A., & Moya, C. M. (2025). Optimizing energy efficiency in unrelated parallel machine scheduling
problem through reinforcement learning. Information Sciences, 693, 121674. https://doi.org/10.1016/j.ins.2024.121674

Cataldo, A., Perizzato, A., & Scattolini, R. (2015). Production scheduling of parallel machines with model predictive
control. Control Engineering Practice, 42, 28-40. https://doi.org/10.1016/j.conengprac.2015.05.007

Catanzaro, D., Pesenti, R., & Ronco, R. (2023). Job scheduling under Time-of-Use energy tariffs for sustainable manufacturing:
a survey. European Journal of Operational Research, 308(3), 1091-1109. https://doi.org/10.1016/j.ejor.2023.01.029

Ding,J. Y., Song, S., Zhang, R., Chiong, R., & Wu, C. (2015). Parallel machine scheduling under time-of-use electricity prices:
New models and optimization approaches. IEEE Transactions on Automation Science and Engineering, 13(2), 1138-
1154. https://doi.org/10.56578/jimd030303

Gao, J., Sun, G. X., & Qian, T. H. (2024). Optimization of production scheduling through a multi-objective constrained greedy
model. J. Intell Manag. Decis, 3(3), 159-174. https://doi.org/10.1109/TASE.2015.2495328

Javadi, M., Fatemi, S., Azizi, A., & Najafi, E. (2024). Designing an intelligent dynamic model of preventive maintenance and
repairs in the textile and clothing industry in interaction with production using fuzzy-artificial neural network.
Engineering Management and Soft Computing, 9(2), 63-90. https://doi.org/10.22091/jemsc.2024.9078.1169

Kianpour, P., Gupta, D., Krishnan, K., & Gopalakrishnan, B. (2021). Optimising unrelated parallel machine scheduling in job
shops with maximum allowable tardiness limit. International Journal of Industrial and Systems Engineering, 37(3),
359-381. https://doi.org/10.1504/1JISE.2021.113443

Lai, X., Zhang, K., Li, Z., Mao, N., Chen, Q., & Zhang, S. (2023). Scheduling air conditioner testing tasks under time-of-use
electricity tariff: A predict in and for optimization approach. Computers & Industrial Engineering, 175, 108850.
https://doi.org/10.1016/j.cie.2022.108850

Li, X., & Liu, C. (2024). Energy-efficient scheduling in an identical parallel machine environment with peak power
consumption and deadline constraints. Computers & Operations Research, 170, 106777.



https://doi.org/10.1016/j.jclepro.2018.10.048
https://doi.org/10.1109/ACCESS.2019.2955975
https://doi.org/10.3390/pr9040654
https://doi.org/10.1016/j.ins.2024.121674
https://doi.org/10.1016/j.conengprac.2015.05.007
https://doi.org/10.1016/j.ejor.2023.01.029
https://doi.org/10.56578/jimd030303
https://doi.org/10.1109/TASE.2015.2495328
https://doi.org/10.22091/jemsc.2024.9078.1169
https://doi.org/10.1504/IJISE.2021.113443
https://doi.org/10.1016/j.cie.2022.108850

’F'Fcr‘vuc”ajjﬁ‘raf'ub'é/bjw.&’udgﬂ.u \of

Meng, L., Zhang, C., Shao, X., Ren, Y., & Ren, C. (2019). Mathematical modelling and optimisation of energy-conscious
hybrid flow shop scheduling problem with unrelated parallel machines. International Journal of Production
Research, 57(4), 1119-1145. https://doi.org/10.1080/00207543.2018.1501166

Mohamadifar, L., Moosavirad, S. H., & Mirhosseini, M. (2024). Application of linear programming model for optimizing the
components of combined photovoltaic and battery system. Engineering Management and Soft Computing, 10(1), 143-
154. https://doi.org/10.22091/jemsc.2024.11166.1194

Moon, J. Y., Shin, K., & Park, J. (2013). Optimization of production scheduling with time-dependent and machine-dependent
electricity cost for industrial energy efficiency. The International Journal of Advanced Manufacturing
Technology, 68(1), 523-535. https://doi.org/10.1007/s00170-013-4749-8

Nagari, T. B., Suletra, I. W., & Hisjam, M. (2024, November). Multiple objective traveling salesman problem using NSGA-II:
A case study of ice tube distribution. In AIP Conference Proceedings (Vol. 3215, No. 1). AIP Publishing.
https://doi.org/10.1063/5.0235626

Pan, Z., Lei, D., & Zhang, Q. (2018). A new imperialist competitive algorithm for multiobjective low carbon parallel machines
scheduling. Mathematical problems in engineering, 2018(1), 5914360. https:/doi.org/10.1155/2018/5914360

Rasti Barzoki, M., & Raeisi, S. (2022). Comparison of the Effect of Various Types of Genetic Algorithm Operators on the
Total Amount of Tardiness in Flow Shop Problem. Engineering Management and Soft Computing, 7(2), 49-65.
https://doi.org/10.22091/jemsc.2017.877

Rubaiee, S., & Yildirim, M. B. (2019). An energy-aware multiobjective ant colony algorithm to minimize total completion
time and energy cost on a single-machine preemptive scheduling. Computers & Industrial Engineering, 127, 240-252.
https://doi.org/10.1016/j.cie.2018.12.020

Shao, W., Shao, Z., & Pi, D. (2020). Modeling and multi-neighborhood iterated greedy algorithm for distributed hybrid flow
shop scheduling problem. Knowledge-Based Systems, 194, 105527. https://doi.org/10.1016/j.knosys.2020.105527

Zhang, Y., Cheng, Z., Zhang, N., & Chiong, R. (2025). A weighted distribution-free model for parallel machine scheduling
with uncertain job processing times. European Journal of Operational Research, 324(3), 814-824.
https://doi.org/10.1016/j.ejor.2024.12.027

Zhang, Z. (2024). Multi-objective optimization method for building energy-efficient design based on multi-agent-assisted
NSGA-II. Energy Informatics, 7(1), 1-17. https://doi.org/10.1186/s42162-024-00394-4

Zhou, S., Li, X., Du, N., Pang, Y., & Chen, H. (2018). A multi-objective differential evolution algorithm for parallel batch
processing machine scheduling considering electricity consumption cost. Computers & Operations Research, 96, 55-
68. https://doi.org/10.1016/j.cor.2018.04.009



https://doi.org/10.1080/00207543.2018.1501166
https://doi.org/10.22091/jemsc.2024.11166.1194
https://doi.org/10.1007/s00170-013-4749-8
https://doi.org/10.1063/5.0235626
https://doi.org/10.1155/2018/5914360
https://doi.org/10.22091/jemsc.2017.877
https://doi.org/10.1016/j.cie.2018.12.020
https://doi.org/10.1016/j.knosys.2020.105527
https://doi.org/10.1016/j.ejor.2024.12.027
https://doi.org/10.1186/s42162-024-00394-4
https://doi.org/10.1016/j.cor.2018.04.009

